INTRODUCTION
In the United States ovarian cancer is the fourth highest cause of cancer death amongst women [1] . Most patients with ovarian cancer are diagnosed at an advanced stage, reflecting the challenges with making a diagnosis in a condition that presents with nonspecific symptoms.
Symptom triggered testing with biomarkers (cancer antigen) CA125 and sequential ultrasound has recently been recommended by US and UK healthcare systems [2, 3] .
Delays in testing women with ovarian cancer can impact on patient outcomes. Women with ovarian cancer may have symptoms for at least six months before the actual diagnosis of the disease, and given its nonspecific symptoms, may be treated initially for other conditions [4, 5] .
Outcomes can be affected by delays in referral from primary care (family practitioners), systems delays in hospitals, and inadequate triage to an appropriate gynecological oncologist [4, 6] .
Incisive Health-Cancer Research UK [7] add that if these delays can be minimized and earlier diagnosis realized then this can have a positive impact on cost and patient survival.
Approximately 36% of women subsequently diagnosed with ovarian cancer present to a general practitioner with symptoms three or more times prior to diagnosis [8] . In the UK the mean time from first symptoms to first presentation is 39 days and the mean time from first presentation to diagnosis is 21 days [9] . Patients with ovarian cancer correctly triaged into cancer centers for surgery by gynecological oncologists have better outcomes than those treated by gynecologists or general surgeons [10] . Patients with benign ovarian masses may be considered for laparoscopic surgery or for fertility preserving surgery.
Test accuracy which incorporates the sensitivity and specificity of a test can also impact on patient outcomes. If a test has a low sensitivity, then women with ovarian cancer may be incorrectly diagnosed as being disease free, while conversely, a low specificity will lead to patients being incorrectly diagnosed as having the disease, and thus being exposed to unnecessary, unpleasant, and expensive treatment.
Resources allocated to health care are becoming increasingly scarce and consequently decision makers have to make more and more difficult decisions regarding the allocation of these resources [11] . To aid this process an economic evaluation is often utilized, which is a comparative analysis of alternative courses of action in terms of cost and consequences [12] . An economic evaluation can take the form of a cost-effectiveness analysis (CEA), cost-benefit analysis (CBA), or a costutility analysis (CUA), each of which differs depending on the outcome used to measure the consequences of an intervention. A CEA uses outcomes in natural units, e.g. cases detected, life years gained, a CBA analysis measures the consequences in monetary units, and a CUA uses the Page | 3 outcome measure of the quality adjusted life year (QALY). Where one QALY is defined as one year lived in perfect health and is a useful measure since it can be used to make comparisons between interventions across different areas of health.
The National Institute for Health and Care Excellence (NICE) a non-departmental public body which provides national guidance advice in England to improve health and social care, has guidance on the implementation of economic evaluations [13] . While this guidance is general and not specific to economic evaluations focused on medical testing, it does include points about defining the decision problem and the comparators, and the methods used in the analysis. One such point is the perspective adopted in an economic evaluation, which informs the costs that should be incorporated in an analysis. NICE adopts a public sector perspective (including the NHS and personal social services, or local government), if this is able to incorporate all major costs and benefits. However, the perspective is flexible, and a societal perspective might be used where appropriate which means that the costs incurred by the wider society including social care givers and patients can also be included. The perspective is important so that like-for-like comparisons can be made between the results obtained from different economic evaluations.
The issues of test inaccuracy, delays on the testing and treatment pathway, and the costs incurred by patients, can potentially have strong ramifications for patient outcomes, and are factors that may have an influence on the results obtained from economic modeling in this setting. The objective of this systematic review was to examine the methods used in economic evaluations that are focused on testing and diagnosis for ovarian cancer, and to assess whether these factors have been incorporated in previous studies.
Materials and Methods

Inclusion Criteria
With the focus being on papers that considered screening or diagnostic testing that resulted in a diagnosis for ovarian cancer, the inclusion/exclusion criteria for studies to be included in this review are shown in Table 1 .
Search Strategy
The following electronic databases were searched: MEDLINE; EMBASE; EconLit; CINAHL;
NHS Economic Evaluation Database (NHS EED); Cochrane Library; and Health Economic
Evaluation Database (HEED). (For the search strategies, see Appendix). While it is acknowledged that NHS EED stopped being updated in March 2015, it is still an excellent source of economic evaluations and thus could not be reasonably overlooked.
Selection of studies
Initial screening of the studies based on their title and abstract based on the population, intervention, comparator, outcome, and study design (PICOS) criteria [14] was conducted to exclude references that were irrelevant to the research topic (Table 1) . References were categorized into the groups listed below, which were used to help communication between authors when selecting the final studies for the review. Papers in groups A-D were considered worthy of further examination, and so the full text for these studies was obtained. Papers that subsequently met the inclusion criteria were included in the final review. As the focus of this review was on the methods used, none of the studies were rejected for reasons of quality
Results
Search Results
The searches were conducted in November 2014 and led to 2,489 articles being identified. There were 313 duplicates which were removed from the total number of articles for screening. The remaining 2,176 articles were screened based on their titles, abstracts and keywords and placed in one of the 7 categories. Studies in categories A-D (112) were taken forward to check against inclusion/exclusion criteria. Seven studies were identified that met the inclusion criteria ( Figure   1 ).
General Study Characteristics
The seven studies were published between 1997 and 2012, and were all based in the United States. Two studies examined genetic testing for BRCA [15, 16] and four papers considered various combinations of CA125 and transvaginal ultrasound [17] [18] [19] [20] . Havrilesky et al [1] did not 'evaluate a specific existing test, but [explored] the impact of various screening intervals, screening strategies, test characteristics and costs, on their potential clinical utility and costeffectiveness' (p.181).
There were 4 studies that considered screening of the general population, with the remainder focused on monitoring or diagnostic testing amongst patients from high risk groups. Two studies utilized micro-simulation models [17, 19] , three employed a Markov model [1, 15, 18] and two used a decision tree approach [16, 20, 21] . Four of the studies were CEA and three were CUA. Four adopted a societal perspective, and three used a healthcare provider perspective (see Table   2 ).
How are the factors that impact on patients as a result of test inaccuracy incorporated into these studies?
Amongst the seven studies only one did not incorporate test accuracy into the analysis [16] . Only one study considered the impact on the quality of life of patients of receiving a test result [15] .
Holland et al., [15] incorporated a reduction in the utility value as a result of a positive diagnosis and a one-time increase in the first cycle as a result of a negative result, in this case patient specific costs were incorporated however productivity losses were not. This meant that the impact Page | 7 on patients of false positive and false negative was incorporated in the analysis both in terms of quality of life, and the costs incurred by patients.
Havrilesky et al., [1] incorporated test accuracy into their study, and conducted extensive sensitivity analysis across a range of sensitivity and specificity values as part of analysis to identify the optimum test characteristics of a hypothetical screening test for ovarian cancer. In their study, following a false positive test it was assumed that a quarter of patients would undergo benign bilateral oophorectomy, with those not subjected to oophorectomy re-entering the well state. In this case false positive test results were assigned an additional cost due to further diagnostic testing. 'Following a false negative test, individuals would experience disease progression, remain in the same disease stage, or have their disease detected clinically' (p.182).
However as the authors acknowledge, as indirect costs of screening or treatment, such as lost wages and caregiver costs were not incorporated into the analysis, the frequency of false positive results may overestimate the value of screening. Moreover the impact of a false positive test on patient quality of life was also not considered.
A typical approach in this setting is to assume that a false positive test leads to unnecessary surgery for patients. In addition to Havrilesky et al [1] described above, this approach was also utilised in the study by Drescher et al., [17] who assumed that a false positive screen necessitates laparoscopic bilateral salpingo-oophorectomy even in the absence of epithelial ovarian cancer;
Kwon et al., [18] who assumed that an abnormal screen (including false positives) leads to laparatomy, prophylactic hysterectomy with bilateral salpingo-oophorectomy; and Yang et al., [20] who assumed that a false positive test potentially results in an unnecessary hysterectomy and bilateral oophorectomy. While in some cases the impact of receiving surgery on quality of life was considered in the analysis (e.g. Kwon et al., [18] ), the impact of receiving a positive test result itself (either true or false positive) on quality of life was not incorporated in any of these studies.
Interestingly Drescher et al., [17] assumed that a positive screen necessitates laparoscopic bilateral salpingo-oophorectomy even in the absence of epithelial ovarian cancer, and consequently in their model, the surgical evaluation of false positive screens could potentially prevent epithelial ovarian cancer in patients that were destined to develop it in the future. This meant that when the authors explored the impact on cost effectiveness of reducing the specificity of transvaginal sonography, this resulted in more false positive test results, and led to a reduction in mortality and improved cost effectiveness. However in this study the impact of a (false) positive test on patient quality of Page | 8 life was not considered. Finally Urban et al., [19] incorporated the impact of false positive tests by assuming a 0.001 probability of death following a laparoscopy among false positives.
Where false negative tests were incorporated into the analyses, these were assumed to lead to delays in patients being identified with disease [15, [18] [19] [20] . For example Kwon et al., [18] considered annual screening with endometrial biopsy, CA 125, and transvaginal ultrasound amongst patients with Lynch syndrome and assumed that when endometrial or ovarian cancer was missed during a screen or test (false negative), then the diagnosis would be made within the next year.
How are the costs incurred by patients on the testing and diagnosis pathway incorporated into these studies?
Three of the studies adopted a healthcare provider perspective [1, 16, 17] which meant that any costs incurred by the patients were not incorporated in the analyses. Four studies utilized a societal perspective however in two of these studies only the costs related to items that would be supplied by a healthcare provider were included [19, 20] . Holland et al., [15] adopted a societal perspective and incorporated the out of pocket costs for ongoing care with and without cancer.
However costs incurred by patients along the testing pathway such as travel costs and lost wages
were not considered. Only one study considered the costs incurred by patients as a result of screening. Kwon et al., [18] allocated a single patient cost in their analysis for each screen, with these patient costs including the time spent on consultation, transportation to and from a clinic, and time off work (approximately 0.5 days for each screen, and 6 weeks for surgery).
How are the impacts on patients of delays on testing and diagnosis pathways incorporated into these studies?
The most common delay on the testing and diagnosis pathway described in these studies was the delay in getting eligible patients into treatment. This was described in four studies as the result of a false negative test [15, [18] [19] [20] , and in one study as a result of varying the interval between screens [17] . In all cases this was assumed to lead to unnecessary disease progression amongst the patients. None of the studies considered the possibility that there might be a delay in getting patients into treatment following a positive test result, and it seems to be an unwritten assumption in all these studies that a test result is obtained immediately following a test being administered, thus neglecting the possibility that patients may suffer anxiety while waiting for a test result.
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Moreover the possibility of patients becoming symptomatic and then experiencing delays in getting access to the necessary testing and treatment was also not considered in any of these studies.
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Discussion
This review examined how test accuracy, perspective and delay are incorporated into economic evaluations focused on testing and diagnosis for ovarian cancer. Seven economic evaluations were identified for inclusion in this review.
In terms of test accuracy, this factor was incorporated in all but one of the studies. The studies typically report a sensitivity and specificity value for the diagnostic procedure under consideration, and then false negative tests results are incorporated by assuming that patients experience unnecessary disease progression until the next round of testing, when the disease may or may not be identified. In the case of a false positive test result, it is often assumed that patients are given an unnecessary surgical procedure, typically an oophorectomy. This is of interest as an oophorecctomy can reduce the risk of ovarian cancer by 80-90% [22] , and thus reduce the mortality rate of patients. Consequently this issue has to be handled very carefully in modeling studies in this setting. As Havrilesky [1] was able to show, if the adverse effects of a patient receiving a positive test are not properly accounted for by considering the indirect costs of screening or treatment such as lost wages and caregiver costs, as well as the adverse effects on patient quality of life of a positive test, then additional false positive results may overestimate the value of screening. Other screening programmes have shown that there is an anxiety element for patients that receive a false positive test result [23] , which can last up to six months following a false positive result [24] . This anxiety may also extend from the individual to family members.
Beyond the initial false positive test result this may ultimately lead to a false positive diagnosis, where it has been shown, albeit on a small scale, that patients experience anxiety due to a false positive ovarian cancer diagnosis [25, 26] . Thus the full ramifications of inaccurate test results must be considered, otherwise it is possible that tests that give false positive and negative test results may be shown to overemphasize the value of testing.
Although it was reported in four studies that a societal perspective was used, only two studies considered the costs incurred by patients, with only one of these incorporating costs incurred by patients to access screening. This approach may lead to screening programmes appearing to be more cost-effective than they actually are. As previously noted, in some settings (e.g. England) the advice given when conducting economic evaluations is to use a health care provider perspective, but this is often inadequate for diagnostic testing. Diagnostic tests may be cheap for the health care provider and so the temptation under these circumstances could be to recommend that patients are more frequently tested, or be repeatedly tested in the case of a positive result to overcome the potential impact of a false positive test. While this type of approach can have a Page | 11 positive effect on patient health related outcomes and indeed be cost-effective from the healthcare provider perspective, it will lead to increased costs being incurred by patients through having to attend for testing such as through loss of wages and travel costs. Thus it is proposed here that irrespective of how the research is funded, economic evaluations should at the very least take a societal perspective which incorporates the costs incurred by patients as part of a sensitivity analysis. This approach is relatively straight forward. Patient costs can be informed by using standard approaches such as data collection from the patients, secondary sources, or sensible assumptions can be made.
The most common delays described in studies in this setting are those related to a false negative test result, where patients that are eligible for treatment experience unnecessary disease progression due to their disease status remaining undetected. Delays due to varying the interval between screens were also considered in one study. Interestingly, despite the problem described in the literature of symptomatic ovarian cancer patients experiencing difficulties in being properly diagnosed, none of the studies in this review incorporated this type of delay in their analysis.
Delays waiting for results following testing, and delays accessing treatment following a positive test were also not considered in this setting. This is of importance since delays can impact on patient outcomes both in terms of disease progression and anxiety, and their omission may lead to interventions appearing more cost-effective than they are. This is the first review that has looked at the methodologies adopted in economic evaluations of testing and diagnosis for ovarian cancer focusing specifically on the approaches used to model the key issues on a testing pathway, and thus comparisons with the findings of similar studies on ovarian cancer were not possible. However a previous study that examined some of these issues in economic evaluations of diagnostic testing for chronic kidney disease also showed that test accuracy is often poorly implemented, thus adding strength to the findings here [27] .
A particular strength of this review is its methodological rigor. The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement was used to guide the systematic methods, and a comprehensive search of seven electronic databases was conducted. However grey literature was not included.
Conclusion
This study has demonstrated the importance of incorporating a wider societal perspective and factoring in the additional costs and outcomes incurred by patients due to the various causes of delay along the testing and diagnostic pathway, as well as test accuracy into economic evaluations Page | 12 of testing and diagnosis for ovarian cancer. It is crucial that the issues that are important to patients are fully incorporated into analyses such as these, since otherwise the potential for interventions being found to be cost-effective that are not acceptable to patients increases. Thus it is suggested that the following guidelines be adopted to ensure analytical rigor in this field:
• State the test accuracy characteristics of all tests considered in the analysis (e.g. sensitivity, specificity, positive predictive value, etc.)
• Define the patient pathways for each of the possible test results (e.g. true positive, true negative, false positive, false negative)
• State and incorporate the consequences of inaccurate test results into the analysis (e.g. delays accessing treatment, patient anxiety due to a positive test, costs incurred by patients presenting for confirmatory testing, etc.)
• Adopt a societal perspective (either for the base case or during sensitivity analysis) which incorporates the costs incurred by patients (e.g. travel, lost wages, etc.)
By adopting these guidelines this will ensure that better informed decisions regarding resource allocation can be made.
